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Foreword

The National Institute on Drug Abuse presents once again to readers
of its Research Monograph series the Proceedings of the Annual
Scientific Meeting of the Committee on Problems of Drug Dependence,
Inc. NIDA and the CPDD share many interests and concerns in
developing knowledge that eventually will Tessen the destructive
effects of dependence-producing substances on individual Tlives and
their costly burden on our society as a whole. As would be
expected, the two organizations work closely together.

CPDD's Annual Scientific Meetings gather the outstanding
investigators from many disciplines to discuss their ongoing
projects. Researchers from NIDA's own Addiction Research Center
report their findings here. In addition, the work of many other
CPDD members and meeting participants receives support through
NIDA's grant programs. The CPDD drug testing program to assess the
dependence potential and abuse Tiability of new compounds is also
NIDA-supported. Results of these tests, which seek analgesic drugs
free of abuse hazard, are included in each year's Proceedings.

A symposium on the neuroendocrine effects of substance abuse is
featured in Problems of Drug Dependence, 1984. In addition to papers
on chemistry and pharmacology, clinical pharmacology, treatment, and
epidemiology. It is gratifying to make available to drug abuse
professionals and to the public this yearbook of current research on
all aspects of the drug abuse field.

William Pollin, M.D.
Director
National Institute on Drug Abuse
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The papers in this monograph were presented or read by title at
the 46th Annual Scientific Meeting of the Committee on Problems of
Drug Dependence, Inc., in St. Louis, Missouri, June 4-6, 1984.

The CPDD, an independent, nonprofit organization, conducts drug
testing and evaluations for academic institutions, government, and
industry. Louis S. Harris, the editor of the monograph, is
chairman of the Department of Pharmacology, Medical College of
Virginia, Richmond, Virginia.
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Presentation to Kay Croker of

J. Michael Morrison Award for
Outstanding Achievement in Science
Administration in the Drug Field

Martin ' W. Adler

Michael Morrison was an exceptional young man who embodied all
those qualities one hopes to find in an administrator. When he
died about four years ago at the age of 36, Mike was Executive
Secretary of the Biomedical Research Review Committee at the
National Institute on Drug Abuse. Upon his death, his friends
and colleagues felt that the most appropriate memorial would be
an award honoring outstanding achievement as an administrator in
the drug field. The Committee on Problems of Drug Dependence,
Inc., agreed to administer the award and present it biennially.
This 1is the second such award.

Our awardee embraces all those qualities we so admired in Mike.
She 1is warm, dedicated, hard-working and extremely knowledgeable
in all areas of her work. Kay Croker has been with the American
Society for Pharmacology and Experimental Therapeutics since
1977, rising from the position of Editorial Assistant to
Administrative Secretary for the Executive Officer in 1982. To
give you some idea of what the members of ASPET think of Kay, at
the Tast business meeting of that society just two months ago,
the report of virtually every committee was followed by that
chairperson's singling out our awardee for special thanks for
the way she aided the committee in achieving its goals. A1l it'
seems to take are workdays that often extend 14 to 16 hours, a
flair for organization, a love for her job, and a warmth that
makes everyone comfortable.

For her outstanding achievements as as administrator, I am very
pleased and honored to present the J. Michael Morrison Award for
1984 to Ms. Kay Croker.



Introduction of Nathan B. Eddy
Memorial Award Recipient—1984

Louis S. Harris

It gives me great personal pleasure to introduce this year's recip-
ient of The Nathan B. Eddy Award. Dr. Raymond Wilfred Houde was
born in New Hampshire and educated in New York, receiving both his
Baccaluareate and Medical degrees from New York University. After
a brief internship at Bellevue, he was on active duty with the

Navy from 1944-46.

He completed his residency in medicine at Memorial Hospital, a
connection he maintained until his retirement in 1982. From 1948-50,
he was a Research Fellow in Analgesia at Memorial Hospital and
Sloan-Kettering Institute. He used this time to spend a year first
in the Pharmacology Department at The University of Michigan and

then at the U.S. Public Health Service Hospital in Lexington,
Kentucky.

At Michigan, with Sam Irwin, a graduate student at that time, he
studied the effects of narcotics on reflex responses to nociceptive
stimuli in spinal animals. This interest was further pursued with
Abe Wikler at Lexington. It is noteworthy that Dr. Houde was the
senior author on the first paper delineating the usefulness of the
chronic spinal dog in evaluating analgesic and other centrally
acting drugs.

Following this training, Dr. Houde continued his uninterrupted
career at Cornell University Medical School and Sloan-Kettering,
rising through the ranks 1in both the Departments of Pharmacology
and Medicine with the encouragement of NBE. His research became
more clinical and he developed his first-rate team of Stan Wallen-
stein and Ada Rogers, who have remained together to the present.
Indeed, in his pioneering use of a nurse observer, etc., not only
did this team turn out some of the best clinical research in the
area of pain and analgesia, but they trained a host of clinical
pharmacologists, many of whom have gone on to highly productive
careers of their own. These include, to name a few, John Seed,
T. Weldon Bellville, Bill Forrest, Bill Beaver and more recently
Bob Kaikor.



Dr. Houde has also well served the medical and scientific community
by his participation on numerous national and international commis-
sions and boards. Of particular note are his services to The
International, American and Eastern Pain Associations and The
Committee on Problems of Drug Dependence.

Dr. Houde is a modest, gentle man whose career may be summed
up by the following citation:

"Raymond Wilfred Houde -- compassionate physician, brilliant
clinical scientist. Your research into the nature of pain and
its relief has greatly benefited mankind."

The Committee on Problems of Drug Dependence is honored to name
you as the 1984 recipient of The Nathan B. Eddy Award.



The Analgesic Connection: The
Nathan B. Eddy Memorial Lecture

Raymond W. Houde

First, I should like to thank the Committee for honoring me with
this award. To have been chosen to present the Nathan B. Eddy
Memorial Lecture is a very special honor and privilege for me.
Dr. Eddy was one of our strongest supporters, and he played an
important role in keeping our research team intact and on track,
I have very vivid memories of him at these meetings. I can still
almost feel his presence down there in the front row - gazing
downward in contemplation. At first, I used to think him asleep,
but soon learned the folly of that notion in the ensuing discuss-
ion period. But he was alway fair with us, and beneath that stern
and somber exterior I found him a warm and true friend.

I also want to thank those of you upon whose shoulder I have stood
to become visible for this award, and I am most grateful for a most

dedicated staff and group of associates. Most of you here know
Stan Wallenetein and Ada Rogers who have been with me almost from
the start. They and the other members of our research team,

including a secretary who has been with me almost as long, are the
ones who have kept it all together for these past 30 plus years.

It would Dbe presumptuous for me to explain to you Dr. Eddy’s
involvement with the analgesic connection. However, I should like
to tell you how I became involved, for the circumstances have a
bearing on come of the studies we later conducted with the support
of this Committee. While serving as a medical resident at Memorial
Hospital after my discharge from the Navy at the end of World War
ITI, I was approached by two of our internists who asked me to
assist them in a study they had undertaken of some new strong
analgesics which had been developed by the Germane during the war.
Their study was being carried out in the manner in which studies
were usually done then and, too often, are still being done in the
same way today. It was conducted as an uncontrolled open trial -
and the observations were made in an unsystematic way by the busy
floor nurses whose other duties often took precedence over a study
in which they had little interest or commitment. Eventually, the
time came to put it all together for presentation at a meeting of
the New York Academy of Sciences, and you just know who pulled the



short straw (Houde et al., 1948). I did not think then that I did
such a bad job wunder the circumstances - but a sharp-tongued
biostatistician named Bliss in the audience thought otherwise, and
I can leave it to your imagination as to how well. that discussion
period went for me. I vowed then and there that I had had it up to
here with analgesic studies.

I do not recall whether I had actually met Dr. Eddy then, although
he also presented a paper at the meeting which ‘included a rather
favorable report of a nationwide survey on the effectiveness of
oral metopon (methyldihydromorphinone) in cancer patients. We
were among the hundreds of physicians who submitted reports to him,
but our five patients must have been among the outliers in his data
on over 5,000 patients. But, I was not about to make a point of
that! To me, at that time, Dr. Eddy looked every bit as austere
and formidable as the good Dr. Bliss.

Sometime later, I was invited to attend a meeting between a number
of pharmaceutical company executives - including Maurice Tainter,
who chaired the Academy of Sciences meeting - and C.P. Rhoads,
Director of the Sloan-Kettering Institute, to set up an analgesic
study program at our hospital. Having been once burned, I wanted to
have nothing to do with it - but I was later induced to change my
mind by being offered a sabbatical and an opportunity to get
additional. training in pharmacology. It was then my good fortune
to have as my mentors, 1in succession: Drs. Seevers, Harris Isbell
and Abe Wikler - who were later to become, in the same sequence,
the first three, recipients of the Eddy Memorial Award.

My second meeting with Dr. Eddy was in November 1949. I had been
invited to attend a meeting of this Committee, known then as the
National Research Council Committee on Problems of Drug Addiction
and Narcotics, to present a report of the studies I had been
carrying out in spinal animals of the tail flick of the rat and
akin twitch of the dog and guinea pig, indices of pain commonly
used in laboratory animals for testing drugs for analgesic act-
ivity. The results of that early work led me to conclude that
these methods measured spinal reflexes upon which opiates acted and
that they were thus not true measures of the effects of these drugs
on pain perception. Rereading that report (Houde, 1949), I am
amused by my not-too-profound statement which read as follows:
Nevertheless comparison of the effect of medication before and
after operation showed that invariably the threshold rises were
appreciably greater in the intact than in the spinal animal for
any given dose of the drugs employed - an observation which we
have not been able to fully explain.
A lot of water has passed under that bridge, since that split
infinitive!

On my return to Memorial Sloan-Kettering, my efforts were directed
more to the development of a clinical research program than to my
studies with. spinal animals, which was then gradually phased out.
In the meantime, I had become acquainted with Harry Beecher and
impressed by his reports to this Committee at its annual scientific
meetings which I have attended regularly since 1951. In 1956, we
received the first in a long series of small annual grants from the



Committee which served to keep our research team together and
greatly influenced the direction of our research.

Working at a large cancer center has tended to insulate us from
some of the problems of drug abuse. But it has also provided
unique opportunities to compare the effects of analgesics in a
variety of circumstances which have relevance to quest ions of
whether to restrict the use and availability of substances expected
to have abuse potential. Most patients with cancer will experience
some acute or chronic pain in the course of the disease or its
treatment, or from complications of the disease or treatment. Many
of these patients will also have organ dysfunction capable of
influencing the absorption, distribution, metabolic disposition or
elimination of particular analgesic drugs. Moreover, virtually all
patients with cancer are subject to a great deal of emotional
stress and the manner in which they contend with it will vary with
their backgrounds, personalities, and a wide variety of other
circumstantial factors. The need for effective analgesic
medications for these patients is undeniable and it is unlikely
that any single analgesic, or single class of analgesics, will fill
the bill. What is desirable or undesirable in an analgesic will be
influenced to a great degree by the clinical circumstances. The
role of the physician is to relieve both pain and suffering, and
side effects which may be considered adverse or undesirable in some
situations may be highly desirable in others. The goals of the
search for better analgesics are not out of step with those of the
quest for nonaddicting or nondependence-producing analgesics. I
have no allusions that we will ever find the panacea, but I do
believe that substantial progress has and will continue to be made
in the development of drugs that are more selective in their
act ions, or have different <constellations of pharmacological
act ions, to provide greater flexibility in meeting medical needs.

We now recognize that many different classes of drugs are capable
of producing dependence, and compulsive drug-seeking behavior has
become more closely linked to their euphorigenic or other mood-
altering properties than to signs or symptoms of tolerance and
physical dependence. But euphoria is hardly an adverse side effect
to a patient dying of cancer, even though a sense of well-being may
seem inappropriate to the onlooker in that circumstance. Quite
understandably, most patients report that they feel better when
their pains are relieved and, at least in our studies of the

morphine-like opioids, the extent of mood elevation seems to
closely parallel the degree of pain relief. As we look across drug
classes, however, differences can be seen. This has been most
striking when comparing morphine to narcotic agonist-antagonist
analgesics - such as nalorphine, pentazocine, nalbuphine and
butorphanol - when pain relief was observed despite dysphoric
reactions in a substantial proportion of patients (Houde, 1979).
With somewhat more sensitive instruments, such as the mood

questionnaire which we have been employing recently, nonsteroidal
antiinflammatory drugs can also be distinguished from morphine in
terns of their relative lack of mood -elevating actions in
equianalgesic doses. To what extent this constitutes a great leap
forward will of course depend upon when and how these drugs are
used clinically. The relative potentials or therapeutic indices of
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the nonsteroidal analgesics and the narcotic agonist-antagonists
are, 1in general, lower than those of the traditional opiates or
morphine-like opioids and, because of their potentially adverse
hematological and gastrointestinal side effects, the nonsteroidals
are particularly hazardous for some patients - particularly cancer
patients receiving chemotherapy.

In pharmacological terms, a statement of relative potency 1is
nothing more than an expression of the ratio of doses of two drugs
which produce a given effect. Its major function in the evaluation
of analgesics 1is that it allows one to compare drugs in terms of
their side effects, or adverse effects, at equianalgesic doses. On
the other hand, when speaking of efficacy, we are primarily con-
cerned with the maximal effect obtainable by increasing the dose
to the point of limiting side effects. To denote this, we have
used the term ‘relative potential’. Maximal or ‘ceiling’ effects,
are demonstrable only if one can demonstrate no further increases
in effect with increasing doses (Fig.1l). In the clinical setting,
we have not found it possible to do this with morphine or its
surrogates because limiting side effects intervene before the log

dose-response curve flattens out. Although there are certain
criteria which must be met for a valid relative potency assay,
designing a study in that manner has undeniable advantages. First

of all, it forces the use of graded doses of the test or standard
drugs, and the responses to graded doses of a standard drug provide
a measure of the sensitivity of the assay. We strongly believe
that the ability to demonstrate that the subject population and

RELATIVE POTENCY

E | A>B=C

RELATIVE CEILING EFFECTS
A=B>C

RELATIVE POTENTIALS
B>A=C

LOG D .

FIGURE 1. Conceptual representation of ‘relative potency’
‘relative ceiling effects’ and ‘relative potential’. The solid
regression lines of effect on log dose denote responses within
limiting adverse effects of hypothetical drugs A, B, and C, and the
dashed lines their projections beyond that level.
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method are capable of discriminating Dbetween a known active
standard and a placebo, or between graded doses of the standard,
should be an integral part of every study of the effects of drugs
on pain.

To illustrate this point, I should like to give a brief report on a
series of studies that we carried out with metopon, the long since
departed drug which had been the subject of Dr. Eddy’s report at
the New York Academy of Science meeting in 1948. Pre-clinical and
preliminary clinical trials were said to have demonstrated that the
oral and parenteral analgesic doses of this drug were essentially
the same, that tolerance and dependence developed more slowly than
to morphine, and that the drug was relatively free of adverse ef-
fects. From the results of the nationwide survey, Dr. Eddy con-
cluded that metopon hydrochloride, which was supplied as a 3 mg
capsule, was an effective oral analgesic for chronic pain due to
cancer, and that its use was accompanied by a “high incidence of
mental clarity and a low incidence of side effects.” He also com-
mented that tolerance to metopon developed more slowly than toler-
ance to morphine. In light of all this, we were intrigued by the
fact that the drug was hardly being used at all less than 10 years
later.

First we undertook to do a double-blind crossover study comparing
graded intramuscular doses of metopon to graded doses of morphine
and a placebo in a series of sequentially related experiments in
patients with pain due to advanced cancer (Houde and Wallenstein,

1957) . In each of these experiments or “quintets”, as they were
called then, each patient received two doses of metopon which
varied in each quintet, 8 and 16 mg of morphine, and a saline
placebo, all in a randomized order. The patients were seen hourly

during the day by a single nurse, Ada Rogers, who recorded the
patients’ reports of pain intensity and administered the coded test
medication for moderate to severe pain. The patients’ responses
were evaluated in terms of the areas under the time-effect curves
for changes in pain intensity in each of the four experiments or
quintets. The data met the statistical requirements for a wvalid
relative potency assay and showed that, indeed, when administered
intramuscularly, metopon hydrochloride was over 3.5 times as potent
as morphine sulfate (Fig.2).

We then sought to determine whether orally administered metopon is
as effective as parenteral metopon when studied double-blind in the
same patient. As we had done in an earlier study of aspirin and
morphine, double-blind conditions were achieved simply by admin-
istering both a capsule to take by mouth and an intramuscular
injection when the patient required medication for pain (Houde and
Wallenstein, 1958). The results of that study, which was otherwise
conducted in the same manner as the comparison with morphine,
revealed that metopon was less than 1/5th as potent by mouth as it
was by intramuscular injection when tested in the same patients in
the same setting, and by the same method, double-blind. When the
results were reported to the Committee in 1958, Dr. Eddy was
gracious in his remarks but, I suspect, not totally convinced, for
shortly after that, he put our method to test in a study, with
Lyndon Lee, of the relative potency of parenteral oxymorphone and
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FIGURE 2. Dose response curves for intramuscular metopon and
morphine plotted in terms of the mean total scores for changes in
pain intensity over 6 hrs (the ordinate) and logarithm of the dose
(abscissa) for each of the four quintets, numbered in the order in
which they were done. The respective placebo scores are shown as
dashed lines.

morphine. We had assayed oxymorphone a few vyears before and
reported to the Committee that we found 1.12 mg of oxymorphone
equianalgesic to 10 mg of morphine and that the 95 per cent con-
fidence 1limits of our estimate were 0.90 to 1.65 (Houde and
Wallenstein, 1956). Dr. Lee’s study was conducted double-blind in
cancer patients at the Wayne County General Hospital in Michigan,
but, back in Bethesda, Dr. Eddy controlled the code and determined
the dose ratios’ to be studied. When their results were in, their
analyses revealed 1.02 mg of oxymorphone to be equivalent to 10 mg
of morphine with 95 per cent confidence limits of their estimate
similar to ours (Eddy and Lee, 1959). After that I knew we were
in with Dr. Eddy.

We also used the relative potency approach in a small short-term



study of tolerance and cross-tolerance involving intramuscular
metopon and morphine in which an estimate of the relative poten-
cies of the two drugs was determined in a small group of patients
over a period of a week, and then half the group was placed on
repeated doses of morphine and the other half on repeated doses of

metopon for 7 to 8 days. Finally, 1in the third week, the drugs
were reevaluated for their relative potency as they had been in the
first week (Houde and Wallenstein, 1957) . Only 13 patients

completed this 1little experiment, so that it was based on relative
potency estimates in only 6 and 7 patients, too few to provide a
definitive answer. However, the results were consistent in showing
that tolerance did indeed develop to metopon as well as to morphine
and that cross-tolerance between the two drugs was not complete.

TABLE I: Approximate equianslgesic mg doses of morphine (Mo) and
metopon (Me) based on crossover comparisons of graded
doses of each drug before and after chronic administra-
tion of each drug in two separate small populations of
tolerant patients with advanced cancer.

PRE - Mo Me CHRONIC ADMINISTRATION POST - Mo Me
mg equiv 10.0 5.1 | MORPHINE - 16.8 6.4
rel pot 1.96x # inj/day = 5.2 x 8.1 days 2.63x
% change -- , -- mean daily dose = 77.3 mg + 687 , + 25%
mg equiv 10.0 5.2 | METOPON - 22.8 17.0
rel pot 1.92x # inj/day = 5.96 x 6.8 day 1.34x
Z change -, -- mean daily dose = 29.7 mg 1 + 1282 , + 227%

A similar study comparing methadone and morphine in a still smaller
group of 11 patients revealed a similar result. Because of the
relatively short length of stays of patients in active treatment
hospitals such as ours, it is extremely difficult to get together
a sufficient number of relatively stable patients for more definit-
ive studies of tolerance and physical dependence. However, it is
possible to identify patients who are relatively nontolerant and
others who are obviously tolerant to opioids, merely on the basis
of their recent past drug experience and the amount of drug that
they require for pain relief. It has, thus, been possible for us
to carry out parallel studies 1in two populations using the same
methodology and nurse-observers. This procedure has been particu-
larly wuseful in looking at interactions of agonist-antagonists,
such as pentazocine and morphine, where distinctly different
patterns are observed. In nontolerant patients, the effects of the
two drugs were found to be essentially additive, whereas in
tolerant patients, 1increasing the ratio of pentazocine to morphine
not only produced a progressive decrement in the analgesic effect
of the combination to the point of providing no analgesia but also
of precipitating withdrawal signs in some patients - an indication
that analgesic tolerance and physical dependence to narcotics go
hand in hand.
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Employing the same strategy, we undertook to test the hypothesis
that Dbecause of 1its reported greater euphorigenic properties,
heroin would prove to be uniquely effective in patients with
advanced cancer. To do this we carried out parallel studies in
nontolerant patients undergoing potentially curative surgery and in
narcotic tolerant patients with hopelessly advanced incurable
cancer. The drugs were administered intramuscularly and the
studies differed from those I have just described only in that we
employed visual analog scales in addition to our verbal categor-
ical scales of pain intensity and pain relief, and we also included
both a wvisual analog scale and a word pair questionnaire (adapted
from Lasagna et al., 1955) for measuring mood effects. The results
confirmed what was already well documented in the medical litera-
ture, namely, that heroin is approximately twice as potent as mor-
phine on a milligram basis, and that it has an earlier onset and
shorter duration of action than morphine. Moreover, though the
chronic pain patients with advanced cancer obtained less relief
than the postoperative patients from comparable doses of both
drugs, the analgesic potency of heroin relative to morphine was
found to be wvirtually the same in the two patient populations.
Also of interest was the fact that the effects on mood paralleled
the analgesic data, and this was shown very convincingly by the
results of the mood questionnaire (Kaiko et al., 1981).

We have, also, recently completed a double-blind comparison of the
relative oral to intramuscular potency of heroin hydrochloride
which revealed that it requires about 10 to 12 times as much heroin
by mouth to produce the same effect as when it is given by intra-
muscular inject ion. Based on our earlier studies of the oral/
parenteral potency of morphine in which we found that it required
almost six times as much oral morphine as intramuscular morphine to
produce the same analgesic effect (Houde et al., 1965). it appeared
to us that essentially all of the heroin given by mouth was being
converted to morphine before reaching the central nervous system.
That, in fact, was what we found in later studies of the bioavail-
ability of oral heroin since, when it was given by mouth in doses
as high as 60 mg, all that we were able to detect in the blood was
morphine, by an analytical assay method sensitive to 1 to 2 ng/ml
of heroin or 6-monoacetylmorphine, the other major metabolite of
heroin. On the basis of these results, it would seem that admin-
istering heroin by mouth is simply an expensive way of administer-
ing morphine which itself undergoes fairly extensive first-pass
metabolism. The failure to detect any striking differences in the
euphorigenic properties of intramuscular heroin and morphine also
leads me to believe that the passage of the bills now in Congress
to legalize heroin are more 1likely to compound the problems of the
DEA than to improve the management of the dying cancer patient. As
has also been recently reported (Inturrisi et al., 1984), heroin
does not bind to the opiate receptor, and its central act ions are
believed to be due to its being converted to 6-monocacetylmorphine
and morphine.

I should prefer not to close on this negative note. Actually, sub-
stantial progress has been made in developing drugs that have
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brought us closer to Dr. Eddy’s dream. Of perhaps greater import-
ance, the strides made in understanding the neuropsychophysiolog-
ical causes of pain have, 1in large measure, resulted from that
search for a strong nonaddicting analgesic and investigations of
the mechanisms of actions of the narcotic analgesics. Earlier Eddy
Award winners - specifically Bill Martin, Hans Kosterlitz, Eddie
Way, Avram Goldstein and Eric Simon - have all given you sterling
accounts of that research and it would be foolhardy for me to
venture into that territory. However, I hope that with these few
examples of my involvement with Dr. Eddy’s dream, I may have been
able to throw a bit of light on some of the more commonplace
aspects of the analgesic connection between the problems of drug
abuse and legitimate medical concerns,

Lastly, I should like again to thank the Awards Committee and all
of you for your forbearance in accompanying me in my journey down
memory lane.
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Opiate and Opioid Modulation of
Reproductive Endocrinology in the
Male and Female: Development
and Pregestational Aspects

Theodore J. Cicero

In this review, the influence of opiate drugs on reproductive
endocrinology in the male and female rodent will be reviewed.
Additionally. the possible role, and physiological significance, of
endogenous opioid peptidergic systems in modulating activity in the
regulatory systems involved in the release of Tuteinizing hormone
(LH) and LH-releasing hormone (LHRH) will also be evaluated. The
review has been divided into three major sections. In the first,
the influence of opiate drugs on reproductive endocrine parameters
will be discussed, particularly with respect to how the natural
evolution of these studies Ted to the hypothesis that endogenous
opioids represent an integral component of the hypothalamic
circuitry involved in LH/LHRH release. Second, the age- and sex-
related differences in the opioid-mediated control of reproductive
endocrinology will also be evaluated within the context that opioid
peptides may be involved 1in the onset of puberty and sexual
maturation. Finally, several recent studies will be discussed in
which the neuroendocrine maturation of offspring derived from drug-
naive females and males treated pregestationally with opiates have
been examined.

INFLUENCE OF OPJATES ON THE HYPOTHALAMIC-PITUITARY-GONADAL (H-P-G)
AXTS

Over the past 10 years, the effects of opiate drugs on the H-P-G
axis have been extensively examined in both the male and female of
virtually every species. To summarize this Targe body of
literature would not be possible here, but several recent studies
are available (Cicero 1980; Kalra 1982; Kalra and Kalra 1983). For
the purposes of this discussion, it is important to note only that
reproductive endocrinology is disrupted by both acute and chronic
opiate drug administration and that these compounds appear to exert
their primary effects by inhibiting the release of LHRH from the
hypothalamus. The precise manner in which the opiates inhibit the
release of LHRH has not been characterized, but it appears that
this action 1is mediated by opiate receptor(s) within the
hypothalamus. The existence of opiate receptors within the
hypothalamus, which apparently impinge in some fashion on LHRH-
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containing cell bodies, has led to the hypothesis that there may be
endogenous opioids present to interact with these; receptors and,
hence, play a role in the complex hypothalamic control mechanisms
involved 1in the release of LHRH. This hypothesis has been
impressibly supported by the following observations (which have
been fully discussed in the references listed above) (Cicero 1980;
Kalra 1982; Kalra and Kalra 1983). First, opiate antagonists
produce rapid dose-dependent increases in serum LH Tevels within
minutes after their subcutaneous administration; second, naloxone
competitively inhibits steroid-induced negative feedback control of
LHRH. Third, several endogenous opioids injected directly into the
cerebral ventricles depress serum LH levels, whereas antibodies to
several of  these peptides increase LH levels. Fourth,
manipulations known to alter activity within the hypothalamic-
pituitary-LH axis produce changes in endogenous opioid contents in
the hypothalamus and pituitary and in opioid receptor
topographies. Finally, morphine and other opioids are just as
effective as testosterone in reversing the effects of castration on
the hypothalamic reserves of LHRH. Taken as a whole, these
observations suggest that opioid-containing neuronal pathways
represent an important component of the hypothalamic circuitry
involved in LHRH release and may represent an intermediate Tink
between the effects of steroids on the hypothalmus and their
inhibition LHRH.

DEVEIOPMENTAL ASPECTS

The probable role of endogenous opioids in the regulation of
reproductive endocrinology has prompted several investigators to
examine whether alterations in opioid peptide-containing systems
are involved in sexual maturation and the onset of puberty in the
male and female rodent (Blank et al. 1979; Blank et al. 1979, 1980;
Ieiri et al. 1979; Schulz et al., 1982). In three of these
studies, the response to naloxone, an opiate antagonist known to
increase LH Tlevels in the adult, has been examined in prepubescent,
adolescent and adult male and female rats and the LH-depressing
action of morphine has been evaluated in only one study. Aside
from this relative paucity of studies. few definitive conclusions
can be drawn from these published reports: the results are both
qualitatively and quantitatively different.

An dinspection of these reports suggests that-numerous factors could
be involved in these discrepancies, including very small numbers of
subjects, the use of non-optimal drug doses and post-injection time
intervals and, finally, only selected time intervals during
development have been examined. Because developmental studies
offer a unique opportunity to more fully understand the
relationship of endogenous opioids to the control of LHRH/LH, we
have carried out a parametric study examining the age- and sex-
related differences in the LH response to a prototypic. Opiate
agonist (morphine) and antagonist (naloxone) in the rat.

Methods

Sprague-Dawley derived male and female rats were bred in our
laboratories (F1 generation of animals purchased from Harlan
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Industries, Indianapolis, Indiana) and maintained at a constant
environment of 22-25°C under a 12-hour Tlight:dark cycle. At 80-90
days of age, one male and female were housed together for two
complete estrous cycles, at which time the males were removed and
the females permitted to carry to term. The dates of birth of the
offspring were recorded to the nearest 12 hours. Litters were
culled to 8 pups (4 males and 4 females) at 10 days of age and
weaned from their mothers at 21-24 days. Male and female offspring
were utilized at the following ages: 10, 15, 20, 25, 30, 35, 40, and
60 days of age. To minimize biological variation and provide
sufficient material for the multiple assays to be carried out, we
found it necessary to use 45 animals of each sex at days 10, 15, 20
and 25 (blood pooled from 3 animals for a total N of 15) and 15
animals at all older ages. At the appropriate intervals, rats were
injected with supramaximal doses of morphine (10 mg/kg), naloxone
(1 mg/kg) or saline, as determined in preliminary studies. They
were then killed by decapitation 2 hours after the injection of
morphine or 20 min after the administration of naloxone, the times
at which optimal decreases and increases in serum LH Tevels,
respectively, are found; half of the saline-injected animals were
killed at each post-injection time interval to control for possible
circadian rhythms. Serum was obtained and frozen at -20°C until LH
radioimmunoassays (RIAs) were carried out. Once the foregoing
study was completed, an additional experiment was carried out in
which morphine and naloxone dose response curves were constructed
in both males and females at those intervals when morphine and/or
naloxone appeared to be Teast effective in the preceding studies.

Results

Effects of naloxone and morphine on serum |H levels. The effects
of saline, naloxone (1 mg/kg) and morphine (10 mg/kg) on serum LH

lTevels in male rats from 10 to 60 days of age are shown in Figure
1. The data depicted in this figure represent the pooled results

of two experiments (N=30 to 40). Neither naloxone nor morphine
affected serum LH at the earliest time interval examined (10 days
of age) 1in male pups. However, from 15 days to adulthood (60
days), morphine maximally suppressed LH levels to less than 25% of
control values, which was near the Timits of detection of the
RIA. In marked contrast to these results, naloxone evoked no
statistically significant increase in serum LH Tevels from 10 to 30
days of age and, moreover, at 15 days of age, LH values were
significantly lower in naloxone-pretreated rats than they were in
controls. After 30 days of age, the LH response to naloxone
increased in a linear fashion to adulthood when naloxone-induced
increases in serum LH were 500% greater than in control animals
(i.e., saline-injected). As shown in figure 2, the patterns of
responses to naloxone and morphine were substantially different in
females. At 10 through 25 days of age, morphine failed to depress
serum LH Tevels. At 30 days a modest, but significant, suppression
of LH occurred which became progressively more intense to
adulthood; at 60 days of age LH 1levels 1in morphine-pretreated
female rats were approximately 60% lower than in controls. Thus,
two major sex-related differences in the response to morphine were
noted: females displayed a much Tlater onset in appropriate LH
response to morphine (30-35 days versus 15 days) and the absolute
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FIGURE 1. The effects of saline, morphine (10 mg/kg) or naloxone
(1 mg/kg) on serum LH Tlevels in male rats injected on the days
shown after birth.

depressions in LH were substantially less in females than they were
in males (50-60% versus >75%). As shown in figure 2, an even more
striking sex-related difference was found with naloxone. 1In
contrast to the male, in the female, naloxone produced extremely
large increases in serum LH at 10 (highly variable, however) and 25
days which were substantially greater than those observed at any
other time point. Interestingly, between days 10 and 25, the
antagonist did not influence serum LH levels at all. After the
naloxone-induced burst in serum LH levels at 25 days of age, it
remained highly effective in increasing LH levels, but the absolute
increase in LH declined gradually such that by 40-60 days of age,
increases in serum LH Tevels were only about 50% as large as those
observed at 10 or 25 days.

Dose-reponse curves for naloxone and morphine In the previous
studies. only one dose of each drug was employed and animals were
killed at only one time interval. Although the doses and post-
injection time intervals were selected as optimal ones, the
possibility existed that this approach may have obscured the fact
that morphine and naloxone were simply less effective, rather than
devoid of activity, at the "critical" periods identified. To
evaluate this, dose-response curves for naloxone- and morphine-
induced ~changes in LH were constructed at those intervals
determined in the preceding studies at which there appeared to be a
complete refractoriness to the drugs. Our results demonstrated
that at 10 days of age, a point at which morphine (10 mg/kg) was
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FIGURE 2. Same as legend to Figure 1 except females were utilized.

ineffective in Towering serum LH Tevels in the male in the previous
studies (see figure 1). morphine dose-response curves revealed no
effect on LH at 5 or 10 mg/kg, but a significant depression was
found at a dose of 25 mg/kg. However, it should be noted that
morphine was quite toxic at this dose level, raising a question
regarding the significance of this fall in LH. In sharp
distinction to these results, morphine failed to depress serum LH
levels in 15-day-old females at any dose from 5-25 mg/kg. In
agreement with the previous studies (figures 1 and 2). naloxone
failed to increase serum LH Tevels over a wide range of doses in 30-
day-old males or 15-day-old females.

Concluding Remarks

The preceding results suggest that the responsitivity of the
opioid-mediated control of LHRH varies markedly during sexual
maturation and, moreover, 1is strongly sex-related. Whether our
results suggest that opioids are involved in the onset of puberty
and sexual maturation cannot be stated with certainty at this time,
but the "critical periods" we have identified for the maturation of
naloxone and morphine appropriate responses appear to correlate
quite well with all other indices of sexual development.

The mechanisms involved in the differential sensitivity to naloxone
and morphine in males and females at different points 1in
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development have not been examined at all. However, two obvious
possibilities suggest themselves: differential time courses for the
appearance and/or functional activity of the relevant opioid
receptors or of the endogenous opioid(s) responsible for the
regulatlon of LHRH. No studies have directly examined these
relationships per se, but there are a number of reports in which
the ontogeny of opioid receptors and opioids have been examined
(Unnerstall et al. 1982; Khachaturian et al. 1983). Unfortunately,
these studies were not designed to focus on the "critical" periods
we have identified. Similarly, the Tliterature regarding the
maturation of the H-P-G axis 1is not particularly germane for
several reasons: (a) few studies have examined time periods
equivalent to those wutilized above; (b) most experiments have
examined only selected parameters; and (c) few studies have
compared males to females (see Kalra 1983).

A major goal of our current research efforts is to carry out these
necessary comparative studies in an effort to more fully
characterize the developmental aspects of the opioid-mediated
control of reproductive endocrinology. In addition to the obvious
significance of these studies at this basic Tlevel, our studies
could be quite significant from two additional perspectives.
First, our results suggest that the developing organism may be
particularly susceptible to opiates, or other drugs which influence
endogenpus-opioid function, during the prepubescent and adolescent
periods. Given the increasingly prevalent usage of such compounds
in human males and females during these critical points in their
sexual development, these experiments could have obvious clinical
significance. Second, if it can be demonstrated that specific
opioid peptides or opioid receptor subtypes show marked alterations
during the onset of puberty and sexual maturation, this could prove
to be one of the most definitive means of establishing the identity
of the endogenous opioid involved in LHRH release.

PREGESTATIONAL INFLUENCES OF THE OPIATES.

Although there are numerous studies of the adverse effects of the
administration of opiates to pregnant females, 1ittle attention has
focused on the deleterious effects of exposure of males to opiates
prior to or during mating. One particularly intriguing series of
studies, however, has been carried out by Or; Gladys Friedler which
indicate a potentially important pregestational effect of opiates
in male mice (Friedler 1974; Friedler and Crescenzi 1981; Friedler
and Wheeling 1979). She has found that exposing males to morphine
1 to 2 weeks prior to mating, followed by a 7-10 day drug-free
period, produces a number of anomalies 1in their offspring. They
also differ substantially in their response to opiate agonists and
antagonists as adults, but what 1is most interesting about her
studies is that these effects can be generated by as little as one
dose of morphine and can be transmitted from one generation to the
next.

In collaboration with Dr. Friedler, we have recently completed two
studies comparing the reproductive endocrine parameters in opiate-
derived adult male offspring versus normal controls (Friedler et
al. 1982). Our results are briefly summarized below.
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TABLE 1

Effects of Pregestational Morphine or Saline Administration
on Reproductive Endocrine Parameters

Serum LH levels Pituitary LH levels
{ng/ml ) (ng/mg protein)
Morphine Saline Morphine Saltine
Castrate 103.4 17« 361,8 ¢ 52 18.7 £ 1.2* 15,8 + 1.8
Sham 24.1 1 1.8** 30,2 ¢ 3.7 16,1 £ 1.1¥* 14,3 £ 1.2

* p <01, ** p <,05 when compared to saline-pretreated rats.

Methods

Adult male CO-1 mice, 80-90 days of age, were injected with saline
or morphine, 50 mg/kg, twice daily for 8 1/2 days. After a drug
free period of an additional 8 1/2 days, the males were mated with
drug naive females. Animals were prepared in Or. Friedler's
laboratory, the subsequent offspring were coded by her, so that the
neuroendocrine studies could be carried out blind, and shipped to
my laboratory at 30-35 days. Only male offspring have been utilized
in the studies to date. After a 30-40 day equilibratior period in
our Tlaboratories, the animals were divided into four groups:
saline-derived - sham-operated; saline-derived - castrated; opiate-
derived - sham-operated, and opiate-derived - castrated. Forty-
eight hours after the appropriate surgical procedure, the animals
were killed by decapitation and blood and tissue samples were
obtained. The reason for using both sham-operated and short-term
castrated animals was that massive deficits in the functional
activity of the H-P-G axis would be evident in both groups, whereas
more subtle differences might be apparent only in the castrates.
The following indices were measured: serum LH and testosterone
levels, hypothalamic LHRH content, and pituitary LH content. In
addition, opioid receptor profiles in brain and hypothalamus were
assessed. Finally, in a preliminary study, we evaluated whether
the LH responses of opiate-derived offspring to morphine and/or
naloxone were different than those observed 1in saline-derived
offspring.

Results

The results of these studies are briefly summarized in table 1. As
can be seen, in opiate-derived adult male offspring, serum LH
levels in sham-operated animals were approximately 20% lower than
those found 1in saline-derived offspring. but this deficit was
considerally more pronounced in castrated animals. The 10-fold or
greater increase in serum LH levels normally produced by castration
was significantly attenuated (<60%) in opiate-derived offspring
when compared to controls (see table 1) such that serum LH Tlevels
were more than 70% lower in this group than they were in
controls. Accompanying these changes in serum LH, a modest
increase in the pltuitary content of LH was observed in morphine-
derived animals when compared to controls (table 1). Similarly,
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seminal vesicle weights and serum testosterone levels were Tower in
opiate-derived animals than they were in controls, but neither of
these differences was statistically significant; no changes were
observed in hypothalamic LHRH (data not shown).

With regard to the opiold-mediated regulation of activity in the
hypothalamic-pituitary-LH axis, we found no alterations in p, kappa
and delta receptor populations, respectively, in whole brain or
hypothalamus; competition and selective protection studies
confirmed these conclusions. On the other hand, in a preliminary
study, we observed a significant attenuation of the response to
both naloxone and morphine in opiate-derived offspring relative to
controls, Unfortunately, insufficient numbers of animals were
available to construct appropriate dose-response curves.

Concluding Remarks

The preceding results reinforce the prior conclusions of Frledler
and her colleagues ( Friedler 1974; Friedler and Crescenzi 1981;
Friedler et al. 1982) that pregestational opiate administration to
the male produces a number of adverse effects in their offspring.
The profound neuroendocrine disturbances we have observed in the
present studies represent perhaps the most significant anomalies
yet found in opiate-derived- offspring and suggest that
pregestational opiate administration to males produces substantial
and pervasive effects on the structural, biochemical and functional
integrity of their subsequent offspring. Although previous
studies have shown that opiates are quite toxic to developlng
Fetuses when given to pregnant females, the present results, and
the earlier work of Friedler et al. (1974, 1981, 1982), suggest that
pregestational opiate administration may be just as harmful and,
most significantly, that variables influencing the male at some
time prior to conception may be as important, or more important,
than those influencing the pregestational or gestating female. One
additional point should be emphasized in the studies of Friedler
and her colleagues. Specifically, she has noted that the adverse
effects she observes are not only evident in the F1 generation, but
can be transmitted from one generation to the next. These
intriguing observations defy a rational explanation at this time,
but have profound implications. We have no information as yet as
to whether the neuroendocrine effects we have observed in the
present studies can be passed along to subsequent generations or
for that matter if fertility and/or the capacity to fertilize is
effected.

With respect to the mechanisms involved in the pregestational
effects of the opiates, two interrelated phenomena must be
explained: what are the factors involved in the initial opiate-
induced insult to the male parent; and what are the. mechanisms
involved in the neuroendocrine deficits found in their offspring?
There is a complete void in the Titerature on both points. However,
in an ongoing series of studies in our laboratories we are
examining the influence of opiates on mature sperm. The rationale
for this strategy is that the treatment paradigm used by Dr.
Friedler 1dinvolves administration of opiates 8-12 days prior to
mating. At this time, sperm in the vas deferens are fully mature
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and are stored there for up to 3 weeks before ejaculation. Thus,
it seems reasonable to postulate that adult sperm are adversely
affected by the administration of opiates. Although there 1is no
definitive evidence relevant to this point, several observations
suggest that opiates may indeed influence mature sperm function.
For example, it has been shown that opioid receptors are prevalent
in the reproductive tract, that opiates are found in semen after
their administration and, finally, that opioid peptides occur 1in
semen, the testes and the secondary sex organs (Cox and Baizman
1982; Margioris et al. 1983; Shaha 1984; Sharp and Pekary 1981;
Tsong et al. 1982). These observations indicate, at the very Teast,
that opiates can readily gain access to sperm and could potentially
exert adverse effects. In this connection, it should be noted that
in 1975 we found that methadone-maintained patients and heroin
addicts had significantly reduced sperm motility (>75%) when
compared to controls and a significant percentage of the sperm were
dead (Cicero et al. 1975).
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